In most mining areas, significant concentrations of metals such as Pb, Cu, Cr, Zn, Cd, Fe, Mn, Co, Ni, Hg, Ar, halogenated organic compounds and radionuclides are found. Of those, Cr is one of the well-known heavy metals that forms toxic species. It is necessary to study the mobilization and accumulation of Cr at the sediment water interface in an electric field at varying different positions and conditions of the electrode arrangement.
INTRODUCTION
It has been found that the soils and sediments around old mining areas and former industrial sites are contaminated with heavy metals (EPA, 2000; Mulligan, et al., 2001; Shrestha, et al., 2003; Aliabadi, et al., 2006) . Cr is one of the common contaminants found there in surface waters, ground waters, soils, sediments, rocks, plants and animals. In addition Cr is widely used in the production of stainless steels, iron and nonferrous alloys as well as for plating wood preservations and leather tanning. It was also used as corrosion inhibitor in cooling towers and as component of fungicides. Cr exists in three oxidation states (II, III and VI). Especial attention is paid to Cr (VI) because of its potential to cause cancer in humans. It is highly soluble and mobile under neutral and higher pH conditions (Kortenkamp, et al., 1996) . Methods of cleaning contaminated soils and sediments by Cr are in high demand. Electrokinetic remediation is a clean and one of the most cost effective in situ technologies (Pamukcu, et al., 1997; Puppala, et al., 1997; Shrestha, et al., 2003) . A basic process of the electrokinetic remediation is the electromigration, where cations move to the cathode and anions towards anode in an electric field. Cr (VI) forms chromate (CrO 4 2-) and hydrogenchromate (HCrO 4 -) anions in aqueous solutions. Cr (III) is less toxic than Cr (VI), but large doses can also be on toxic. Former researchers had performed with the remediation rate or movement of these ions in the electric field with various surfactants, potentials and supplied current (Pamukcu, et al., 1997; Puppala, et al., 1997; Reddy, et al., 1999; Manna, et al., 2003; Sawada, et al., 2003) . It is still unknown, how the mobilization and immobilization occur with different electrode arrangements. The study pursues the aim to get a new fundamental knowledge about the mobilization and immobilization of Cr on the applications of different arrangements of electrodes in the remediation process.
MATERIALS AND METHODS
Sediment sample was collected from the river Weisse Elster, near Kleindalzig, Germany, an old mining area on 01.03.2001. The most important parameters of the sediment were: the initial Cr (III, VI) concentration: 235.9 mg/kg, pore water pH of 5.85, organic content: (9.4 %), total sulphur: (14.9 g/kg) iron: (68.5 g/kg) and Mn: 600 mg/kg. Tap water from Dresden, Germany was taken for the experiment. It was almost free from Cr and had a pH value of 8.1. Electrodes were made from environmental friendly conductive polymer (polyethylene with carbon black) with a specific resistance of about 20 /cm.
Analytical reagent grade chemicals and doubledistilled water were used for preparing all solutions. Stock solutions containing 1,000 mg/L of the analysts were prepared from metal nitrates in 1 % HNO 3 solution. Working standard solutions were prepared by appropriate dilutions of the stock solutions. Blank determinations were run by using the same reagents in equal quantities as described in the analysis procedure throughout the experiments.
Electrokinetic reactor
A schematic diagram of the experimental setup is shown in Fig. 1 . The set up consists of PVC tubes (length: 0.6 m, diameter: 0.12 m). It was filled up at first with 1,700 g sediment, (covered 0.12 m of its depth) and then with water ratio of 4:1 by volume with sediment in the column. After filling the columns, the two electrodes were installed in different position according to the requirements of the experiments. The middle coverage of the electrode in relation to sediment surface was 20 %. The distance apart of two electrodes was 8 cm and used voltage 3 V (electric field strength: 37.5 V/m) (Shrestha, et al., 2003) . The voltage could be adjusted by external control devices. Two sampling pipes for taking the water sample for analysis and Ptwires for measuring redox potential were fixed near to the anode and to the cathode. Besides a small fermenting tube for balancing the inside pressure was installed.
The sequential extraction after (Förster and Calmano 1982) was applied to determine the initial binding forms of Cr and total concentration in the sediment. (Shrestha, et al., 2003) 
